Objective: To evaluate the geographic distribution and career trajectory of medical graduates and the factors associated with their choice of practice location. Method: A cross-sectional study involving graduates from December 2001 to December 2010 was conducted. A self-administered questionnaire collected demographics and geographic information (place of birth, place of residence at the time of medical school admission, place of residency training and practice location), and reason for choosing the current location. Statistical analyses assessed trends in geographic distribution of graduates, and identified factors associated with location choice (through the population density of the location chosen for professional practice). Results: A total of 563 graduates completed the questionnaire. Of those, 4.3% (n=24) reported family medicine as their medical specialty, 19.9% (n=112) reported other primary care specialties (internal medicine, pediatrics, surgery and obstetrics-gynecology) and the others chose subspecialties. Larger cities were more likely to be chosen for practice, particularly for newly-graduated doctors. Job invitations received during medical residency training increased the likelihood of choosing high-populated cities. In contrast, job invitations received during medical school increased the likelihood of choosing cities less populated. Amongst those in cities with lower population density, proximity to family members was an additional influencing factor; those who chose more densely populated cities did so because of better infrastructure and recreational options. Conclusion: Most of the physicians included in this study pursue subspecialties training and were practicing medicine in large cities. Knowing the multiple factors that influenced the choice of practice location can assist in planning future strategies to reduce physician workforce misdistribution.
sources and initiatives for locating doctors in certain areas, as well as exploring the reasons for choosing primary care, are important to identify new strategies to address these challenges. 3, 4 The problem of an uneven distribution of doctors is universal. Despite a gradual increase in the number of doctors in rural areas in the United States, there is still a shortage of general practitioners and specialists. 5 Similarly, in Greece, a striking predominance of physicians in urban regions was also reported. 6 Although there are many reasons for misdistribution, preference for specialties to the detriment of general practitioners is considered a determinant factor of this shortage in countries such as the United States, Australia, Canada and France. 7, 8 In fact, the number of physicians in the secondary and tertiary healthcare levels are greater than those in primary care in Spain and Brazil. [9] [10] [11] In Brazil, although the health system is decentralized, physicians are primarily located in urban locations, with a high concentration in large cities. 12 Since almost one quarter of Brazil's inhabitants live in rural areas in the North and Northeastern states of the country, 13 recruiting physicians to practice in remote areas in Brazil is urgent in order to achieve the goals of the proposed health system. 11, 12, 14 According to a representative survey, there were 399,692 practicing physicians in 2015 in Brazil, resulting in an approximate rate of 1.95 workers per 1,000 inhabitants. However, significant differences in the distribution of these professionals among the different regions of Brazil were observed, resulting in lower rates in the North (1.09 per 1,000 inhabitants) and Northeast (1.3 per 1,000 inhabitants) compared to the national rate, with a predominance of doctors practicing in larger cities. 12 Earlier research showed that more than two-thirds of the Brazilian physicians practice in a city other than the one where they graduated and a third of them return to their hometowns. 15 Attraction to larger cities was a determining factor for location choice, despite whether the physicians earned their degree at that same location or not. 15 While the location of postgraduate training (i.e. medical residency) was found to affect the country's aggregate supply of physicians, medical school location did not have the same impact. 16 There are complex interactions between factors contributing to geographic misdistribution and the specialty choice of health professionals. Research has shown that reasons include regional, sociocultural and economic factors, as well as personal reasons related to quality of life, individual characteristics or conditions of professional practice, such as the number of hospital beds and access to other professionals. 1, 17, 18 Some authors classify factors affecting choice of practice location into individual (age, gender, marital status, background), organizational (job, resources, team, financial incentives) and environmental (regulation, culture, security) factors. 1, [19] [20] [21] [22] [23] The ability to provide quality services, less social isolation, professional and financial incentives are associated with the choice to practice in rural locations. 19 Although there have been studies documenting the misdistribution of physicians based on practice location and specialty choice, there is little research examining the career trajectory of medical doctors and seeking to understand the determining factors for misdistribution of the workforce. 1, 2, 12, 21 Knowing the factors associated with physician career choices can help create recruitment strategies intended to promote a more equitable distribution.
Therefore, our study aimed to describe the practice locations and specialty choices of graduates from a Brazilian public medical school, and to identify associated factors.
Method
We conducted a cross-sectional study with graduates from a public medical school at the Federal University of Juiz de Fora (UFJF), Brazil. UFJF is located in the state of Minas Gerais, Southeast Brazil, which is an economically developed area in Brazil. 13 All graduates from December 2001 to December 2010 were invited to participate. Those who dropped out of medical school or who were not practicing medicine were excluded ( Figure 1 ).
The database provided by the university administration included information on 1,642 graduates. To establish initial contact, from October to December 2014, e-mails were sent to all eligible graduates inviting them to participate in the study. In order to increase the response rate, the study was promoted through social media (Facebook) and additional contacts were obtained by phone. Graduates were excluded if they could not be contacted by e-mail, phone or Facebook (Figure 1) . Those who provided incomplete responses and those who did not respond after four contact attempts were excluded.
Initial contact was made between December 2014 and March 2015. The invitation contained an explanation of the research objectives and a request to send the link to an electronic questionnaire, via REDCap® (Research Electronic Data Capture). The invitation was sent through e-mail or Facebook, and contained an embedded consent form. Participation was based on electronic consent.
The self-administered questionnaire contained 55 questions, taking around 20 minutes to complete. A pilot testing with faculty members helped to improve the questionnaire and test electronic submission. Data included sociodemographic characteristics (i.e., gender, age, income) and geographic location, such as place of birth, place of residence at the time of medical school admission, place of residency training and practice location; as well as reason for choosing current location. To study factors associated with choice of practice location, participants were asked to select one or more of the following reasons, checking all that applied: no reason; invitation received during medical school training; invitation received during residency training; invitation received from a family member; labor market favorable to specialty; family members lived in the city (including spouse); friends lived in the city; town with favorable educational, recreational and entertainment conditions for children and family. Participants were asked whether they completed medical residency, and if they had, they were asked which specialty they chose. The selections included family medicine, general internal medicine, general pediatrics, obstetrics-gynecology, general surgery or other specialties (i.e., cardiology, vascular surgery, and ophthalmology) and whether they worked as a faculty members.
Data were exported from REDCap to Excel for Windows and statistical analysis was performed using SPSS software version 21.0 (SPSS Inc.). Descriptive statistics (frequency, means and standard deviations) for gender, residency completion, specialty, medical teaching and income, and for variables related to place of birth, place of residence when entering medical school, medical residency location and practice location were calculated.
As it was possible that more recent graduates had not yet completed their specialty (or subspecialty) training, we divided the sample into two distinct groups based on year of graduation:
• Comparisons between the groups were made based on sex, residency completion, practice specialty, faculty appointment, income, and the size of the practice location using Chi-square statistics. Group comparisons based on age, density and population of the practice location used t-tests. We selected population density (people per sq. km) as our dependent variable, a proxy of development, including workforce, infrastructure and service availability. To evaluate geographic distribution of graduates, we considered the population density of place of birth, place of residence at the time of medical school admission, place of residency training and place of practice location. 13 We used repeated measures analysis of variance (ANOVA) with location characteristics as the dependent variable and time (birth, medical school, residency, practice) as the independent variables. Post hoc analyses using the Bonferroni test were conducted for statistically significant ANOVA findings. Finally, we used multiple linear regression models (stepwise method) to establish the factors associated with choice of cities for housing in relation to population density of cities chosen for professional practice for each group. In order to assess which factors were associated with the choice of practice location for all graduates and group 1, we used a multiple linear regression analysis. Group 2 was not included in a separate regression analysis because these physicians may not have completed their specialty training and, therefore, their current practice location may reflect their location of training, not the choice for practice. The dependent variable was population density of the location chosen for professional practice and the independent variables were sex, age, average monthly income, residency completion, year of graduation, working in the PHC unit, and reason for choosing practice location (no reason; invitation received during medical school training; invitation received during residency training; invitation received from a family member; labor market favorable to specialty; family members lived in the city including spouse; friends lived in the city; town with favorable educational, recreational and entertainment conditions for children and family).
R2 was used to assess the adequacy of the model. We used p<0.05 for all analyses and the 95% confidence interval was calculated for a regression coefficient.
The Research Ethics Committee at the University Hospital/UFJF approved the project (no. 790823). An electronic consent form was signed before answering the electronic questionnaire. An analysis of all graduates showed that reasons for choosing practice location in smaller cities included family members living there (p≤0.001), the perception that the location had favorable educational opportunities (p=0.013), working in PHC Unit (p=0.019), and receiving an invitation during medical school training (p=0.003). For those choosing larger cities, the reasons were that the location had favorable recreational and entertainment conditions (p<0.001), having received an invitation during residency training (p=0.007) and in the final year of medical training (p<0.001) ( Table 1) .
Since those who graduated more recently were likely to be in their location of residency training, we divided respondents based on graduation year (Table 2) likely to be male (p=0.001), reported working as faculty members more often (p<0.001) and lived in cities with lower population density (p<0.001) ( Table 2 ). Figure 2 shows that graduates migrated from less populated cities to more populated cities during the course of their training and initial career, compared with birthplace and location of medical school. The mean population density of the birthplaces was 909.2 people per sq. km for group 1 and 927.4 for group 2. In contrast, their residence at the start of medical school had lower mean population density, 466.3 people per sq. km for group 1 and 662.6 for group 2. Location of residency training occurred in higher density cities (mean population density: 3,093.7 people per sq. km of land area for group 1 and 4,074.0 for group 2).
Practice location mean population densities were lower: 1,764.3 people per sq. km of land area for group 1 and 3,080.7 for group 2. Physicians who had been practicing longer tended to return to cities with lower density, while those who had completed their training more recently tended to report living in larger cities. There was a significant difference between the population density of cities over the course of their careers for groups 1 and 2 (within group, p<0.001), as well as between groups (p<0.05), except for those whose birth location was a densely populated city.
The significant predictors for those graduating between 2001 and 2005 who chose smaller cities as practice locations included having family members there (p<0.001) and receiving an invitation during medical school training (p=0.027). For those who chose larger cities, the factors identified were that the location offered better recreational activities and entertainment (p=0.003), they tended to be female (p=0.012) and had received an invitation during residency training (p=0.009) ( Table 3) . 24 More recent research showed that the situation persists. 25 Also, in Canada, there were many specialists and fewer general practitioners and family physicians practicing in areas of higher socioeconomic level. 26 These results corroborate the findings of our study; larger cities were those more likely to be chosen as practice location, particularly for more recent graduates.
Factors leading to the choice of larger cities included residency training, similar to other studies in Brazil 27 and the US. 16 Some authors found the choice for professional practice related to the location of medical schools. 9, 28 In contrast, for other authors, location of medical school was not related to choice of practice location. 16 Although 86.5% of the respondents were born in the state where the school was located, only 58.1% remained there after graduation, practicing mainly where they completed residency training.
Doctors with less training time tended to live in cities with greater population densities. This is probably because these professionals are still considering opportunities for employment. Perhaps, with time, this group will show the same pattern as those who graduated earlier, migrating to cities with lower population density in search of better quality of life and greater proximity to their original households. 22, 27 Invitation to practice in a specific location was also an important determinant of choice. When the invitation came during residency training, there was an increased likelihood for choosing larger cities, as residency programs are mostly available in these locations. In contrast, respondents invited during medical school training chose less populated cities.
As in other studies, family issues determined where to settle down, 29, 30 including motivation to return to less densely populated cities. 31, 32 On the one hand, family location attracted physicians to smaller cities; on the other hand, more entertainment opportunities influenced the choice for more densely populated cities, with better infrastructure and recreational options
In the present study, we noticed two distinct profiles in accordance with the time of graduation. First, there was a lower percentage of male doctors in the cohort graduating after 2005, corroborating with worldwide trends on feminization of the medical profession.
2,12 Also, higher income was observed for the cohort of earlier graduates, probably due to the time spent in the profession.
Furthermore, the majority of physicians chose to specialize to the detriment of a primary health practice. Only a quarter of graduates opted for family medicine, general pediatrics, obstetrics-gynecology, general internal medicine and general surgery, and 90% had residency training. There was no difference between groups 1 and 2. In Britain, there is a trend toward more equitable distribution, perhaps driven by the character of the local health system, while this was not observed in Japan. 33 Choosing specialties other than primary care is not surprising, since those professionals tend to have higher wages and greater increase in income over the years. 34 In order to develop incentives to improve physician distribution in Brazil and increase access to PHC, many government policies have been implemented. These include more vacancies for training in medicine and residency programs, spread out at various Brazilian regions, as well as guidelines on curricular changes directing training toward PHC. 35, 36 However, results from the literature on the impact of these policies to attract and retain doctors remains controversial, with multiple confounding factors such as the size of the city where medical schools are located. 1 The same discussion is observed in relation to different educational interventions when examined as a factor in physician workforce retention predictor in rural or underserved areas. 17, 19 Understanding the complex relationship between the factors that motivate doctors in their choice of workplace can help to define strategies to enhance provision of services in remote and rural areas. Studies show that the simple increase in physician supply did not reduce the distribution disparities. Thus, proposals for a better distribution of health professionals should rely on knowledge of the determining factors for choosing the place for their professional practice, which includes family composition and socioeconomic and cultural issues at the organizational level, as well as other factors related to the environment and their own training. A broad view of the multidimensional nature of choice of specialty and practice location, along with the creation of attractive conditions in remote areas, small towns and rural areas seems to be indispensable for a real change. This is an intersectorial challenge to be faced, associated with the regional development as a whole.
Our study has some limitations. We were successful in obtaining 34.4% of respondents among all graduates in the study period, 71.5% of those who could be located. It is worth noting that this fact was possible because, in addition to the more conventional method of collecting this information such as e-mail and telephone, we used social networking for both the request and distribution of the questionnaire. In the current investigation, 79.9% of the respondents answered the questionnaire by clicking on a Facebook link. Nevertheless, this may represent sampling bias, since participants are likely to be those with greater electronic access (e-mail and social networks). Usually, response rates based on mailed questionnaires studies reach an average of 20 to 30%. 9, 28 It is likely that younger respondents in locations with better infrastructure were more likely to respond to the survey.
Despite that, our study adds to existing literature as it highlights the importance of using different media to survey and contact graduates. In addition, we examined the influence of different factors other than those commonly reported in the literature such as the invitation to work in a location at the time of medical school completion, location of residency training, and impact of the size difference between the cities of origin, medical school and residency on the distribution of physicians in Brazil.
One of the difficulties encountered in studies involving the population of graduates is access to the target population. In Brazil, it is not routine to follow them throughout their careers. Another potential limitation is that the migration of those who graduated more recently (2006 through 2010) may not yet be complete. It will be necessary to see whether this group shows similar patterns to those who have been in the workforce for a longer period of time.
conclusion
In conclusion, our study showed that most physicians still select large cities as practice location and pursue specialist training rather than PHC. While residency and more recreational opportunities are the attractions in major urban centers, family issues and invitations at the time of medical school completion favor the choice of settling in smaller cities. These findings may help in the planning of future strategies to reduce misdistribution of the medical workforce.
resuMo
Distribuição geográfica e trajetória dos médicos egressos de instituição pública Objetivo: Avaliar a distribuição geográfica e a trajetória dos médicos e fatores associados à escolha para o local da prática médica. Método: Estudo transversal envolvendo graduados entre 2001 a 2010, utilizando-se questionário autoaplicado com dados sociodemográficos, informações de localização geográfica (local de nascimento, local onde residia quando entrou na faculdade de medicina, local onde realizou a residência médica e local de prática profissional), e as razões para escolha do local de sua fixação. Análises estatísticas avaliaram as tendências da distribuição dos egressos e os fatores associados com a escolha do local para a prática médica. Resultados: 563 egressos completaram o questionário. Destes, 4,3% (n=24) eram médicos de família, 19,9% (n=112) tinham especialidades em grandes áreas (medicina interna, pediatria, cirurgia e ginecologia-obstetrícia), enquanto os outros escolheram subespecialidades. Houve predomínio da escolha de cidades de grande porte para a prática profissional. Convites para trabalhar recebidos durante a residência médica aumentaram a escolha de cidades de maior densidade populacional. Por outro lado, os convites recebidos durante a graduação influenciaram a escolha de cidades de mais baixa densidade populacional. Para estes últimos, a presença da família no local foi fator de influên-cia, enquanto, para os que escolheram cidades de maior densidade populacional, os fatores de influência foram melhor infraestrutura e mais opções de diversão. Conclusão: A maioria dos médicos deste estudo fixou-se em grandes cidades e escolheu subespecialidades. Conhecer os múltiplos fatores que influenciaram a escolha do local para prática profissional pode auxiliar no planejamento de estratégias para reduzir a má distribuição do trabalho médico.
Palavras-chave: distribuição de médicos, atenção primá-ria à saúde, área de atuação profissional.
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